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naSromis saerTo daxasiaTeba

naSromis aqtualuroba. energoresursebi gadamwyvet rols

TamaSoben Tanamedrove ekonomikaSi. TviToeuli saxelmwifos sawarmoo

Zalebis ganviTarebis xarisxi ganisazRvreba energo resursebis

(matareblebis) mopovebisa da  moxmarebis mixedviT. energo resursebis

ZiriTadi saxeobebia - navTobi, naxSiri, bunebrivi gazi, hidroeleqtro

energia da atomuri energia.

me-20 saukunis 60 wlebidan navTobi da bunebrivi airi (gazi)

gvevlineba erTerTi mTavari energo resursebis saxeobebi  msoflio

energetikaSi. ganviTarebul  qveynebis ekonomikaSi maTi wili Seadgens

energo resursebis saerTo moxmarebis 75÷80% da es ricxvi sul ufro

izrdeba, atomur eleqtro sadgurebze momxdari incindentebis fonze.

Tumca, am energetikul resurss Wirdeba transportireba, mopovebis

adgilidan gadammuSaveblamde (momxmareblamde).

dRevandel dRes ki yvelaze momgebianaT usafrTxoebis, maqsimaluri

odenobis gadazidvisa da ekonomikuri TvalsazrisiT milsadenebi

iTvleba.

cnobilia magistraluri milsadenis gadasasvlelebis xidiseburi

kiduli konstruqcia, romelic Seicavs pilonebs, saankero sayrdenebs,

orStoiani mzid bagirebs, maT Soris ganTavsebul gambrjenebs  da mzid

bagirebze Sekidebul milsadens. aseve, cnobilia magistraluri

milsadenis kiduli gadasasvlelebi, romelic Seicavs mzid bagirebs,

romlebzec sakidebiT damagrebul malis naSens da masze ganTavsebul

milsadens, moZrav da uZrav sayrdenebs.

cnobilia magistraluri milsadenis gadasasvlelebis Sprengeluri

tipis konstruqcia, romelic Seicavs milsadens, Sprengelebis mosawyobad

saWiro xist dgarebs da Sprengelis winaswar daZabul bagirovan

elementebs, burjebs da masze mowyobil sayrden dgarebs. aseve cnobilia

magistraluri milsadenis gadasasvlelebis kombinirebuli konstruqcia,

romelic Seicavs pilonebze ganTavsebul sayrdeni WimebiT aRWurvil

mzid bagirs, konstruqciis malis SuaSi ganlagebul TaRovan wamwes da

masze ganTavsebul milsadens..

naSromSi aRwerili arsebuli sahaero gadasasvlelebis

konstruqciebis (analogebis) teqnikuri gadawyvetebis ZiriTad uaryofiT
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mxares warmoadgens is, rom milsadeni CarTulia gadasasvlelis

konstruqciis muSaobaSi da Sesabamisad mSeneblobis seismurad aqtiuri

raionebisaTvis mizanSeuwonelia, radgan garTulebulia gaermTlianebis

kvanZebis mowyoba da yovelive aRniSnulidan gamomdinare daqveiTebulia

milis ganivi kveTis zidvisunari, xolo vantebze milsadenis mimagreba

arTulebs mis montaJs. aseve garTulebulia TaRovani wamwisa da masze

mrudwiruli milsadenis montaJi. gadasasvlelis milsadenis napira

nawilebi warmoadgens TviTmzid elementebs, yovelive es, ki iwvevs

masalis xarjis, mSeneblobis xangrZlivobisa da Sromatevadobis

gazrdas, zidvis unarisa da saimedoobis Semcirebas. aseve, mSeneblobis

seismurad aqtiuri raionebisaTvis naklebadaa uzrunvelyofili misi

saimedo eqspuatacia.

winamdebare naSromi, `milsadenebis didmaliani gadasasvlelis

axali tipis winaswar daZabuli kombinirebuli konstruqciis

gaangariSebisa da  konstruirebis sakiTxebi~, eZRvneba zemoaRniSnul

sahaero gadasasvlelebis konstruqciebis teqnikur gadawyvetebSi

arsebuli  problemebis kompleqsuri gadawyvetis mcdelobas da amdenad,

vTvliT, rom masSi dasmuli sakiTxebi aqtualuria.

naSromis mizans warmoadgens magistraluri gazsadenis didmaliani

gadasasvlelis iseTi konstruqciis Seqmna da damuSaveba, romlis

teqnikuri gadawyveta aRmofxvris analogebSi arsebul xarvezebs.

damuSavebuli axali tipis milsadenebis didmaliani gadasasvlelis

winaswar daZabuli kombinirebuli konstruqcia, romlis teqnikur

gadawyvetilebis siaxleze `saqpatentis~ mier gacemulia patenti

ganacxadze #12245/01 (saqarTvelos inteleqtualuri sakuTrebis centri,

saqpatenti, brZaneba patentis gacemis Sesaxeb ganacxadze #12245/01,

brZanebis #737/01, 12. 06. 2013 w.).

axali tipis konstruqciis teqnikuri gadawyveta arsebuli

aნალოგiuri konstruqciebisagan gansxvavdeba winaswardasaZabavi

elementebis ganlagebiT da misi daZabvis axali-gaumjobesebuli sqemiT.

SemoTavazebuli konstruqciis teqnikuri gadawyvetiT miiRweva

magistraluri gazsadenis milis montaJis gamartiveba da aseve

gadasasvlelis mzid elementebSi ZalvaTa moxerxebuli regulireba.

aseve, axali teqnikuri gadawyvetilebiT miiRweva mSeneblobis
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xangrZlivobisa da masalis xarjis Semcireba, konstruqciis zidvis

unaris amaRleba da eqspluataciis dros saimedoobis gazrda.

aseve damuSavdes  misTvis axali konstruqciuli gadawyvetebi,

gaangariSebis meTodologia, ganisazRvros  misi praqtikuli Rirebuleba

da moxdes misi teqnikur–ekonomikuri efeqturobis Sefaseba.

naSromis samecniero siaxle mdgomareobs SemdegSi:

damuSavebulia milsadenebis didmaliani sahaero gadasasvlelis

axali tipis winaswardaZabuli kombinirebuli konstruqcia, romlis

konstruqciul sqemaSi gadawyvetilia da aRmofxvrilia arsebul

konstruqciebis teqnikur gadawyvetebSi arsebuli problemebi. aseve

damuSavebulia   axali konstruqciuli gadawyvetebi da gaangariSebis

meTodologia da gansazRvrulia misi praqtikuli Rirebulebebi.

yovelive naTlad dasturdeba teqnikur-ekonomikuri gaangariSebis

Sedegebis analizidan.

naSromis praqtikuli Rirebuleba.

Catarebuli Teoriuli kvlevebis, praqtikuli gamocdilebis,

samSeneblo normebisa-wesebis sruli dacvis da rekomendaciebis

safuZvelze damuSavebulia milsadenebis didmaliani gadasasvlelis

axali tipis winaswar daZabuli kombinirebuli konstruqcia. misi

gaangariSebis meTodologiidan da ekonomikuri efeqturobidan

gamomdinare, SemoTavazebuli axali tipis winaswar daZabuli

kombinirebuli konstruqciis milsadenebis didmaliani gadasasvlelis

mSeneblobaSi gamoyeneba mizanSewonilia.

SemoTavazebuli konstruqciis realizaciisas uzrunvelyofili

iqneba elementebis damzadeba da gamartivebuli montaJi, Semcirdeba

masalis xarji  da mSeneblobis xangrZlivoba. amaRldeba konstruqciis

zidvis unari  da eqspluataciis dros gaizrdeba misi saimedooba.

naSromis aprobacia da gamoqveynebuli publikaciebi. _ naSromis

masalebis mixedviT gamoqveynebulia 4 samecniero statia, maT Soris

erTze, „milsadenebis didmaliani gadasasvlelis winaswardaZabuli

kombinirebuli konstruqcia“, saqpatentis mier gacemulia patenti.

kvlevis ZiriTadi sakiTxebi moxsenebulia or samecniero konferenciaze.

disertaciis ZiriTadi Sedegebi moxsenebuli iqna: saqarTvelos teqnikuri
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universitetis „samoqalaqo da samrewvelo mSeneblobis“ departamentis

gafarToebul samecniero seminarebze (Tbilisi 2012-2013 w.w.).

naSromis  moculoba da struqtura. _ naSromi Sedgeba Sesavlis, 5

Tavis, ZiriTadi daskvnebis, gamoyenebuli literaturisa da danarTisagan.

naSromis Sinaarsi

SesavalSi warmodgenilia Temis aqtualuroba, mecnieruli siaxle

da naSromis praqtikuli Rirebuleba.

პირველ თავში magistraluri milsadenebis didmaliani sahaero

gadasasvlelebis arsebuli konstruqciebis  mimoxilva, klasifikacia da

kritikuli analizi. mocemulia SemoTavazebuli axali tipis winaswar

daZabuli kombinirebuli konstruqciis aRwera.

SemoTavazebuli konstruqcia  ganekuTvneba gazisa da navTob

produqtebis magistraluri milsadenebis mSeneblobas, romlis gamoyeneba

SesaZlebelia milsadenebis sahaero (miwiszeda) gadasasvlelebis

asagebad. teqnikuri gadawyvetileba uzrunvelyofs dReisaTvis

mSeneblobis praqtikaSi cnobil  konstruqciebSi (xidiseburi

konstruqciebi, kiduli gadasasvlelebi, Sprengeluri tipis,

kombinirebuli da sxva saxis konstruqciebi) arsebul  naklovanebaTa

aRmofxvrasa da acilebas. gadasasvlelebis agebis teqnikur-ekonomikuri

Sedegia mSeneblobis xangrZlivobisa da masalis xarjis Semcireba,

konstruqciis zidvis unaris amaRleba da eqspluataciis dros

saimedoobis gazrda.

SemoTavazebulia magistraluri milsadenebis didmaliani sahaero

gadasasvlelebis konstruqcia, romlis konstruqciuli gadawyveta

analogebisagan gansxvavdeba winaswardasaZabavi elementebis ganlagebiT

da misi daZabvis axali-gaumjobesebuli sqemiT. naSromSi aRwerili

teqnikuri gadawyvetiT miiRweva  sivrciTi konstruqciis yvela elementSi

Zabvebis moxerxebuli regulireba.

magistraluri milsadenis didmaliani gadasasvlelis winaswar

daZabuli kombinirebuli konstruqcia, Seicavs paraboluri moxazulobis

zeda sartylian TaRovan wamwes (an sworxazovan, mTliankedlian an

gamWoli koWovan konstruqciebs), winaswar daZabul mzid bagirovan
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elementebs, milsadenis mzid elementebze misamagrebel cilindruli

formis elementebs, damWimav mowyobilobebs, sayrden napiris burjebs,

gansxvavdeba imiT, rom milsadenis mzid elementebze misamagrebel

cilindruli formis elementebi Sesrulebulia rvakuTxa formis

prizmebisagan, romelTa oTx ferdze radianulad ganlagebulia

paraboluri moxazulobis zeda sartyliani TaRovani wamweebi, xolo

danarCen oTx ferdze  radianulad ganlagebul dgarebze ganTavsebulia

bagirebi, romlebic saxsrulad arian Camagrebuli milsadenis

konstruqciis sayrden kvanZebTan, xolo dgarebs, Tavisufal boloSi,

gaaCniaT kuTxviliani sadebebi, romlebSic Caxraxnulia kuTxviliani

mTlianganikveTiani elementebi,  romlebic aRWurvili arin kontrqanCiTa

da mis oTkuTxa nawilSi mowyobil jvrisebri naxvretebiT,

mTlianganikveTiani elementebis boloebi cilindruli saxsriTaa

damagrebuli bagiris dgarTan damakavSirebel  Ria profilisagan

Sesrulebul elementebTan, romelebzec saxsruladaa ganTavsebuli

naxevarcilindruli sakvanZo detalebi, xolo bagiri furclovani

sadebiTa da WanWikebiT SeerTebulia Ria profilisagan Sesrulebul

elementebTan, wamwis zeda sartylis kvanZebi da bagiris damWeri

radianulad ganlagebuli dgarebi erTmaneTTan dakavSirebuli arian

xisti kavSirebiT.

L malisa f aweulobis/Caweulobis isris mqone magistraluri

milsadenis didmaliani gadasasvlelis mzid elementebze misamagrebel

cilindruli formis elementebi Sesrulebulia rvakuTxa formis

prizmebisagan 1, romelTa oTx ferdze radianulad ganlagebulia

paraboluri moxazulobis zeda sartyliani TaRovani wamweebi 2, xolo

danarCen oTx ferdze radianulad ganlagebul dgarebze 3 ganTavsebulia

bagirebi 4, romlebic saxsrebiT 5 arian Camagrebuli milsadenis

konstruqciis sayrden kvanZebTan 6, xolo dgarebs 3, Tavisufal boloSi,

gaaCniaT kuTxviliani sadebebi 7,  romlebSic Caxraxnulia kuTxviliani

mTlianganikveTiani elementebi 8, romlebic aRWurvili arin kontrqanCiTa

9 da mis oTkuTxa nawilSi mowyobil jvrisebri naxvretebiT 10,

mTlianganikveTiani elementebis 8 boloebi cilindruli saxsriTaa

mimagrebuli bagiris 4 dgarTan 3 damakavSirebel  Ria profilisagan

Sesrulebul elementebTan 11,  romelebzec saxsruladaa damagrebuli
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naxevarcilindruli sakvanZo detalebi 12, xolo bagiri 4 furclovani

sadebiTa 13 da WanWikebiT 14 SeerTebulia Ria profilisagan

Sesrulebul elementebTan 11,  wamwis 2 zeda sartylis kvanZebi da

bagiris 4 damWeri radianulad ganlagebuli dgarebi 3 erTmaneTTan

dakavSirebuli arian xisti kavSirebiT 15.

L malisa f aweulobis/Caweulobis isris mqone magistraluri

milsadenis didmaliani sahaewro gadasasvlelis winaswar daZabuli

kombinirebuli konstruqciis erTianad akreba (mTliani konstruqciis

akreba) xorcieldeba Semdegi TanmimdevrobiT. samSeneblo moedanze,

saTanado Targis gamoyenebiT, rvakuTxa formis prizmebis 1 oTx ferdze

warmoebs akreba, qarxnuli wesiT damzadebuli, paraboluri moxazulobis

zeda sartyliani TaRovani wamweebis 2,  xolo danarCen oTx ferdze

radianulad montaJdeba dgarebi 3, romelTa Tavisufal boloebSi

gaaCniaT kuTxviliani sadebebi 7  romlebSic Caxraxnulia kuTxviliani

mTlianganikveTiani elementebi 8,  romlebic aRWurvili arin

kontrqanCiTa 9 da mis oTkuTxa nawilSi mowyobil jvrisebri formiT

Sesrulebul naxvretebiT 10  mTlianganikveTiani elementebis 8 boloebi

cilindruli saxsriTaa mimagrebuli bagiris 4 dgarTan 3 damakavSirebel

Ria profilisagan Sesrulebul elementebTan 11, romelebzec

saxsruladaa damagrebuli naxevarcilindruli sakvanZo detalebi 12,

romlebzec  bagiris 4 Camagreba warmoebs furclovani sadebebisa 13 da

WanWikebis 14 gamoyenebiT, konstruqciis sayrden kvanZebSi 6 xorcieldeba

bagirebis 4 saxsruli Camagreba, paraboluri moxazulobis zeda

sartyliani TaRovani wamweebis 2 zeda sartylis kvanZebi da bagiris 4

damWeri radianulad ganlagebuli dgarebi 3 erTmaneTTan SeerTebuli

arian xisti kavSirebiT 15, akrefili mTliani konstruqcia montaJdeba

sayrden napiris burjebze 16. aseve SesaZlebelia konstruqciis seqciebad

dayofa da maTi qarxnuli wesiT damzadeba (seqciebad gamijvna).

magistraluri milsadenis gadasasvlelis kombinirebuli konstruqciis

winaswar daZabva warmoebs Semdegnairad: pirvel etapze winaswar

daZabuli mzidi bagiris gareSe akrefili gadasasvlelis konstruqciis

mTlianganikveTiani elementis 8 oTkuTxa nawilSi mowyobil jvrisebri

naxvretebis 10  gamoyenebiT, sinqronuli brunviT bagiris 4 dgarTan 3

damakavSirebel  Ria profilisagan Sesrulebul elementebs 11 da masze
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damagrebul naxevarcilindruli sakvanZo detalebs 12, unda ganTavsdes

radianulad ganlagebuli dgaris bolosTan, winaswar gansazRvruli

sididiT, minimalurad axlos (bagiris 4 dgarTan 3 misamagrebeli

detalebi 11,12 ganTavsdeba winaswar gansazRvruli zomaze),

konstruqciis sayrden kvanZebSi 6 xorcieldeba winaswar gansazRvuli

sigrZis bagirebis 4 saxsruli Camagreba, xolo dgarTan 3 damakavSirebel

Ria profilisagan Sesrulebul elementebTan 11, romelebzec

saxsruladaa damagrebuli naxevarcilindruli sakvanZo detalebi 12,

bagiri 4 Camagreba warmoebs furclovani sadebebisa 13 da WanWikebis 14

gamoyenebiT, ris Semdeg mTlianganikveTiani elementis 8 mis oTkuTxa

nawilSi mowyobil jvrisebri formiT Sesrulebul naxvretebis 10

gamoyenebiT, sinqronuli brunvis Sedegad bagiris Casamagrebeli

elementebi 11, 12 gadaadgildebian radianuli mimarTulebiT, rac

ganapirobebs (uzrunvelyofs) bagirebis daZabvas da Sesabamisad mTliani

konstruqciis saproeqto mdgomareobaSi moyvanas.

L malisa f aweulobis/Caweulobis isris mqone magistraluri

milsadenis didmaliani gadasasvlelis konstruqciis SemoTavazebuli

teqnikuri gadawyvetis upiratesoba arsebul analogebTan

ganpirovnebulia imiT, rom konstruqciis winaswar daZabvis Semdeg

sistema ar gadascems sayrden burjebs horizontalur (gambrjen) Zalebs,

gamartivebulia gassadenis milis montaJi da igi ar aris CarTuli

sistemis saerTo muSaobaSi, aseve moxerxebulia gadasasvlelis mzid

elementebSi ZalvaTa regulireba, rac uzrunvelyofs elementebis

damzadebisa da montaJis gamartivebas, masalis xarjisa da mSeneblobis

xangrZlivobis Semcirebas, konstruqciis zidvis unaris amaRlebasa da

eqspluataciis dros saimedoobis gazrdas.

SemoTavazebuli axali tipis magistraluri milsadenis didmaliani

sahaero gadasasvlelis winaswar daZabuli konstruqciis teqnikuri

gadawyvetilebis aRsawerad mocemulia grafikuli masala naxazebis

saxiT (nax. 1÷4).
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nax. 1. — milsadenebis didmaliani gadasasvlelis winaswar daZabuli
kombinirebuli konstruqciis xedi Wrili I-I-is mixedviT;

nax. 2. — milsadenebis didmaliani gadasasvlelis winaswardaZabuli
kombinirebuli konstruqciis xedi Wrili II-II-is mixedviT;
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nax. 3. — milsadenebis didmaliani gadasasvlelis winaswar
daZabuli kombinirebuli konstruqciis ganivi Wrili A-A;

nax. 4. — bagirebis Camagrebis kvanZi Wrili 1-1 da 2-2-s mixedviT;
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nax. 5. — kvanZi-2 da Wrili 3-3

მეორე თავში mocemulia SemoTavazebuli konstruqciis muSaobis

analizi da gaangariSebis meTodologia. განხილულია geometriuli

parametrebisa da მასზე მოქმედი შესაძლო დატვირთვების gansazRvra..

1. geometriuli parametrebis gansazRvra

milsadenebis didmaliani sahaero gadasasvlelis SemoTavazebuli

winaswar daZabuli kombinirebuli konstruqcia Sesrulebulia L malisa f

aweulobis/ Caweulobis isris mqone magistraluri milsadenis

didmaliani gadasasvlelis mzid elementebis misamagrebeli elementebi

Sesrulebulia rvakuTxa formis prizmebisagan, romelTa oTx ferdze

radialurad ganlagebulia paraboluri moxazulobis zeda sartyliani

TaRovani wamweebi, xolo danarCen oTx ferdze radialudad ganlagebul

dgarebze, vertikalur da horizontalur sibrtyeebSi, ganTavsebulia
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bagirebi (nax. 1, a da b). bagirebisa  da TaRovani wamweebis moxazuloba

damokidebulia gadsasvlelis malis sidideze da Seafrebis aweulobis

isarze damokidebuli rkalis segmentis radiusze, rvakuTxa formis

prizmebis ganlagebis zomaze, romelic ganisazRvreba mis Siga nawilSi

gasatarebeli milsadenis milis zidvisunaridan  dadgenili malis

sididis mixedviT (teqnologiuri moTxovnebis Sesabamisad

gaangaariSebuli milis saWiro diametris ganivi kveTis mixedviT

dadgenili).

rkalis segmentis radiusi, romelzec ganTavsebulia  radialurad

ganlagebuli dgarebisa da TaRovani wamweebis zeda sartylebi,

ganisazRvreba formuliT;

(1)s.
rkali f

Lf
R

8
4 22 


sadac f=1/10÷1/25L aris gadasasvlelis konstruqciis aweulobis/

Caweulobis isari, romelic miiReba konstruqciuli mosazrebebidan

gamomdinare; L- gadsasvlelis konstruqciis mali.

milsadenis milis, zidvisunaridan  dadgenili, malis sigrZe (zoma)

ganisazRvreba formuliT;

(2)

Siga

q

)
t

pD
R(W

L.l
milis4

12

50
2




 milis

sadac- 2R milsadenis foladis saangariSo winaRoba kumSvaze;

tRW  2
mili milis ganivi kveTis winaRobis momenti,

 Sigamiligazmil
2pDgAqqq  grZivi datvirTvebi milis sakuTari

wonisa da produqtis wonisagan. aq g -aris Tavisufali vardnis aCqareba;

miliA -milis ganivi kveTis farTobi;  -milSi gasatarebeli masalis

(produqtis) simkrive;  P-milSi savaraudo muSa (saproeqto) wneva. SigaD

milis Siga diametri; t- milis sisqe;  -usafrTxoebis koeficienti

datvirTvebisaTvis.

rvakuTxa formis prizmebis ganlagebis zoma miiReba Ɩmili-s

gasaangariSebeli (3) formuliT miRebuli zomis mixedviT.
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zeda sartyelis panelis mopirdapiri kuTxe (nax. 1a) ganisazRvreba

formuliT;

(3)
s
rkali

s R

L
arcsin

m 2
2



sadac m aris zeda sartylis panelebis raodenoba.

zeda sartyelis panelsa da horizonts Soris kuTxe (nax. 1a da 1g)

ganisazRvreba formuliT;

(4)zszszs  n).m.(  5050

sadac- n aris zeda sartylis panelebis rigiTi nomeri.

zeda sartylis panelebis zoma ganisazRvreba formuliT;

(5)mili
zs

zs L.sinRS 50
2

2 
zs

rkali

dgarebis simaRle zoma ganisazRvreba formuliT;

(6)zs.dg.1dg.zs.1dg. nn1  ltghh;ltgh 

Seafrebis (aweulobis) zoma ganisazRvreba formuliT;

(7)dg.1. fD.hf  50n

wamwis iribnebis zoma ganisazRvreba formuliT;

(8)dg.
22

.nn lhT 
sadac- n aris zeda sartylisa da iribanis panelebis rigiTi nomeri.

nax. 1a konstruqciis geometriuli parametrebigrZivi kveTis mixedviT
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2. SemoTavazebul konstruqciaze SesaZlo moqmedi datvirTvebis

gansazRvra

milsadenebis didmaliani sahaero gadasasvlelis SemoTavazebuli

winaswar daZabuli kombinirebuli konstruqciaze SesaZlo moqmedi

datvirTvebis gaangariSebas igulisxmeba, rom cnobilia gadasasvlelze

gamavali milebis Semadgenloba, maTi ganivi kveTebis geometriuli

parametrebi da kompesatorebis ganlagebis sqemebi. aseve cnobilia

milsadenSi gasatarebeli masalis saxeobebi, maTi moculobiTi wonebisa

da temperaturis mniSvnelobebi.

ა). მუდმივი datvirTvebis gansazRvra

normatiuli da saangariSo vertikaluri datvirTvebi (milis

sakuTari da produqtis wonebisgan) ganisazRvreba formuliT;

(9)Sigamili
saan.

Sigamiligazmil
nor .pDgAq;pDgAqqq pg  22 

sadac g aris Tavisufali vardnis aCqareba; miliA -milis ganivi

kveTis farTobi; )( mas. - milis masalis simkrive (moculobiTi wona);  P-

milSi savaraudo muSa (saproeqto) wneva. SigaD milis Siga diametri; t-

milis sisqe; pg  da -usafrTxoebis koeficientebia datvirTvebisaTvis.

b). lipyinulis datvirTvis gansazRvra

SemoTavazebuli konstruqciis elementebis kombinirebulobis gamo

(foladis profilebisa da bagirebis arsebobis gamo) gaangariSebaSi

gaTvaliswinebuli unda iyos lipyinulisagan gamowveuli datvirTvebi,

romlebis mudmivi datvirTvebis mimarTulebisaa da cvlis elementebis

ganivi kveTis geometriul parametrebs rac gasaTvaliswinebelia qaris

zemoqmdebisis gansazRvisas.

wriuli ganivi kveTis mqone elementebisaTvis (maT Soris

bagirebisaTvis) romelTa diametri tolia an ar aRemateba 70 mm.-s,

lipyinulisagan normatiuli datvirTva (n/m ) gamoiTvleba formuliT;

(10)3
11 10 g)kbd(kbi 

konstruqciis sxva ganivi kveTis mqone elementebisaTvis

zedapiruli lipyinulis normatiuli datvirTvis ( 2n/mpa  ) mniSvneloba

gamoiTvleba formuliT;
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(11)gkbi'  2

zemoT moyvanil formulebSi:

b - lipyinulis kedlis sisqe (5 weliwadSi erTi maqsimaluri

maCvenebeli);

k - simaRlis gamaTvaliswinebeli lipyinulis kedlis sisqis

cvalebadobis koeficienti (aiReba saxelmwifoSi moqmedi normatiuli

dokumentebidan);

d - wriuli ganikveTis mqone elementis diametri;

1 - lipyinulis kedlis sisqis cvalebadobis koeficienti, romelic

damokidebulia wriuli ganivi kveTis mqone elementis diametrze (aiReba

saxelmwifoSi moqmedi normatiuli dokumentebidan);

602 . - koeficienti, romelic iTvaliswinebs yinvis zemoqmedebis

zedapiris farTobis fardobas elementis mTliani zedapiris farTobTan;

 - yinulis simkrive, romelic miiReba 0.9 gr./sm3-s toli;

g -Tavisufali vardnis aCqareba, m/wm.

saimedoobis koeficienti lipyinulis datvirTvisaTvis f miiReba 1.3

toli.

g) ჰორიზონტალური დატვირთვების gansazRvra

1) qaris datvirTvis sidide milisa da bagirebis zedapirze ganisazRvreba

formuliT (lipyinulis gaTvaliwinebis gareSe):

(12)bag.anmil.DckW hf  0

sadac: f _ saimedobis koeficienti qaris datvirTvisaTvis;

0 _ qaris Cqarosnuli dawneva 1 m2-ze;

hk _ simaRlis gamaTvaliswinebeli koeficienti;

c _ aerodinamikuribis koeficienti;

Dmil. an bag.-milsadenis (milis) an bagiris diametri.
gadasasvlelis konstruqciaSi ramodenime milsadenis

mravaliarusiani gatarebis SemTxvevaSi zemoT moyvanil formulaSi qaris

zemoqmedebis sibrtyis simaRled (mamravlad) aReba erT horizontalur

rigSi ganTavsebuli milebis maqsimaluri diametris zoma. naxazze

mocemuli sqemis SemTxvevaSi daqaruli mxridan qaris datvirTvis

mniSvnelobebi gamoiTvleba Semdegi formulebiT
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(13)daq.daq.daq.daq.daq.daq.

5daq.daq.3daq.daq.

;DckW;DckW;DckW

;DckW;DckW

hfhfhf

hfhf

805604103

0201













amoqaruli mxridan datvirTvis mniSvnelobebi gamoiTvleba daqaruli

mxridan miRebuli Sedegebis daq.amoq.  c/c fardobaze gamravlebiT.

2) milis Segorebisas warmoqmnili gorvis xaxunisgan horizontaluri
grZivi Zala

(14);grZivi fmNF 1
sadac: m _ gorvis xaxunis koeficienti;

2.1f _ samedobis koeficienti datvirTvisaTvis;

N1- Sesagorebeli milis wonisagan sagoravis sayrdenze aRZruli
vertikaluri  Zala.

d) სეისმური დატვირთვის განsazRvrა

შემოთავაზებული კონსტრუქციის სეისმურ ზემოქმედებაზე გაანგარიშება

წარმოებს როცა ნაშენის მალი 24,0 მეტრის ტოლია ან აღემატება ( L≥24).

კონსტრუქციის sakuTari i -uri rxevis tonis Sesabamisi seismuri

datvirTva Sik ganisazRvreba formuliT:

(15);SKKKS oikik 321
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sadac, K1-koeficienti, romelic iTvaliswinebs konstruqciis dasaSveb

dazianebebs, konstruqciis unars ganaviTaros aradrekadi deformaciebi,

agreTve seismomedegobis sxva rezervebs;

K2–koeficienti, romelic iTvaliswinebs nagebobebis konstruqciul

gadawyvetas;

K3 _ konstruqciis mniSvnelobis koeficienti (K1 K2 da K3 koeficientebi

miiReba samSeneblo normebisa da wesebis moTxovnaTa Sesabamisad).

Soik - konstruqciis, rogorc drekad - deformirebadi sistemis

sakuTari rxevis i-uri tonis Sesabamisi seismuri datvirTva, romelic

ganisazRvreba   formuliT:

(16);KKAQS ikikoik   0

sadac: A – seismurobis uganzomilebo koeficienti, romelic

iTvaliswinebs mocemuli  dasaxlebuli punqtisaTvis gruntis saangariSo

aCqarebis Sefardebas Tavisufali vardnis aCqarebasTan;

i - konstruqciis sakuTari rxevis i-uri tonis Sesabamisi dinamikurobis

koeficienti;

K - koeficienti, romelic iTvaliswinebs konstruqciul gadawyvetas;

0K - koeficienti, romelic iTvaliswinebs burjisqveSa gruntis arawrfiv

deformirebas. gamoiyeneba im SemTxvevaSi, rodesac gruntis kategoriis

koeficienti ganisazRvreba seismuri mikrodaraionebis Sesrulebis gareSe;

ik - koeficienti, romelic damokidebulia konstruqciis sakuTari rxevis

dros i-uri tonis Sesabamisi deformaciis saxeze;.

Qk aris konstruqciis K-ur wertilze mosuli wona, romelic

ganisazRvreba saangariSo datvirTvebis gaTvaliswinebiT. SemoTavazebuli

konstruqciis dgarebis ganlagebis adgilebSi mosuli მუდმივი

დატვირთვa (wona) gamoiTvleba formuliT:

(17)mudm. ;qbQ f k .

sadac: f _ datvirTvaTa Tanwyobis koeficienti; +

mud.q _ konstruqciis erTi grZivi metris ჯამური wona milsadenSi

ganTavsebuli gadasatani masalis wonis gaTvaliswinebiT;

b_ კონსტრუქციის დგარებს შორის ზომა.
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saangariSo sqemaSi seismuri datvirTva Sik modebulia milsadenis

(tradiciuli, erTi milis gatarebis SemTxvevaSi) dgarebis RerZebis

gadakveTis wertilebSi, xolo, milebis mravaliarusiani mowyobis dros

diafragmebis (dgarebis, kavSirebis -vertikaluri da horizontaluri

elementebis erToblioba) horizontalur elementebze, maTi realur

ganlagebis  wertilebSi.

მესამე თავში mocemulia milsadenebis didmaliani sahaero gadasasvlelis

axali tipis winaswardaZabuli kombinirebuli konstruqciis gaangariSeba

da konstruireba, kerZod:

●SemoTavazebuli konstruqciis xisti nawilis mdgradobaze

gaangariSeba;

magistraluri milsadenis didmaliani gadasasvlelis konstruqcia,

romelis mzidi elementebis misamagrebeli sakvanZo detalebi

Sesrulebulia rvakuTxa formis prizmebisagan, romelTa oTx ferdze

radialurad ganlagebulia paraboluri moxazulobis zeda sartyliani

TaRovani wamweebi (anda sworxazovani koWovani konstruqciebi), xolo

danarCen oTx ferdze radialudad ganlagebul dgarebze, vertikalur da

horizontalur sibrtyeebSi, ganTavsebulia sakoWebi (bagirovani

Sprengelebi). wamweebis (anda sworxazovani koWovani konstruqciebis)

zeda sartylis kvanZebi da bagiris damWeri radianulad ganlagebuli

dgarebi erTmaneTTan dakavSirebuli arian xisti kavSirebiT da qmnian

gisosovan diafragmas. anu kombinirebuli konstruqciis xisti nawili

warmoadgens im elementebs romlebic  Rebuloben baagirovani

konstruqciebisagan aRZrul mkumSav Zalebs, aseve, mRunav momentebsa da

ganiv Zalebs romlebic warmoiSvebian bagirebSi (sakoWebSi) aRZruli

sxvadasxva sididis Zalebis sxvaobisagan. aseve konstruqciis aRniSnuli

nawili muSaobs masze moqmedi vertikaluri da horizontaluri

zemoqmedebebisagan (konstruqciis sakuTari wona, sasargeblo datvirTva,

Tovli, qarisa da seismuri zemoqmedeba) aRZrul Zalovan faqtorebze.

SemoTavazebuli axali tipis winaswar daZabuli kombinirebuli

konstruqciis xisti nawilis mdgradobaze gaangariSeba Sesrulebulia

misi centraluri xisti nawilis ganivi kveTis drekadi xazis

diferencialuri gantolebis integrirebis meTodiT.
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winaswar daZabuli kombinirebuli axali tipis konstruqciis

mdgradobaze gaangariSeba SesaZlebelia `saxsruli jaWvi~-sa da engesser-

timoSenkos meTodebiT. `saxsruli jaWvi~-s meTodis gamoyenebis dros

garTulebulia diafragmis (dgarebisa da kavSirebis erTobliobis)

Runvis sixistis gavlenis gaTvaliswineba, xolo  engesser-timoSenkos

meTodiT gaangariSebisas, marTalia SesaZlebelia diafragmebis Runvis

sixistis gavlenis gaTvaliswineba, magram eileris mrudis Sesabamisad

mdgradobis dakargvisas SeuZlebelia winaswar daZabvis Zalis

gaTvaliswineba.

yovelive zemoT aRniSnulidan gamomdinare SemoTavazebuli

konstruqciis mdgradobaze gaangariSebas vawarmoebT misi centraluri

xisti nawilis ganivi kveTis drekadi xazis diferencialuri gantolebis

integrirebis meTodiT. ganixileba n panelisagan (n nawilad dayofili)

Sedgenili SemoTavazebuli konstruqciis xisti nawili, romelic oTxi

mxridan gaZlierebulia simetriulad ganlagebuli poligonaluri

moxazulobis sakoWebiT (Sprengeluri sistemebiT). saangariSo sqema

dayvanili aris or sayrdenze saxsrulad da 1, 2 … n-1 (nax. 4.1. a)

wertilebSi drekad-plastikuri sayrdenebze (romlebic ewinaaRmdegebian

vertikalur da horizontalur gadaadgilebebsa da Pkr kritikuli Zalis

zemoqmedebiT Reros gamrudebasagan gamowveul Sesabamis ganivi kveTebis

mobrunebebs) damagrebuli L sigrZis (malis) koWis mdgradobis

gansazRvris amocanamde.

SemoTavazebuli konstruqciis mdgradobis dakargvis savaraudo

formebi iqneba misi centraluri xisti nawilis erTi an ori

naxevartalRis saxiT gaRunvisas warmoqmnili formebi, rasac winamdebare

gaangariSebaSi vuwodebT mdgradobis dakargvis pirvel SemTxvevas (nax.

4.1. a) da mdgradobis dakargvis meore SemTxvevas (nax. 4.1. b). SesaZlebelia

konstruqciis mdgradobis dakargvis sami naxevartalRis SemTxveva (nax.

4.1. g).
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centraluri xisti nawilis CaRunvebi (gadaadgilebebi) da

mobrunebis kuTxeebi sakvanZo wertilebSi tolia:

(18);M;Q kkkkkk  

sadac, Qk da Mk -k wertilSi reaqciebi da reaqtiuli mRunavi momentebi;

Qk da Mk mimarTulebebi da niSnebi Sesabamisad damokidebuli aris naxaz

4.1.a,b,g mocemul mdgradobis dakargvis formebTan; αk da βk – xazovani da

kuTxura damyolobis gamaTvaliswinebeli koeficienti, romelic

damokidebulia Sprengeluri sistemis bagirebis grZiv da maTi damWeri

radianulad ganlagebuli dgarebis Runvis sixisteebze.

SemoTavazebuli konstruqciis xisti nawilis mdgradobis amocanis

gadawyvetisas saangariSo sqemaze sasazRvro wertilebSi reaqtiuli

Zalebisa da momentebis mimarTulebebi aiReba pirobiTad, anu araa

savaldebulo maTi namdvili mimarTulebebis winaswari dadgena.
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saangariSo sqemis marjvena nawilSi ganTavsebuli wertilebSi Zalovani

zemoqmedebebis niSnebi SesaZlebelia miRebuli iqnas dadebiTad, xolo

marcxena nawilSi mdgradobis kargvis saZiebo formis mixedviT –

dadebiTi an uaryofiTi (ix. nax, 4.2.g,d,e).

konstruqciis xisti nawilis ganivi kveTis k-uri monakveTis drekadi

xazis diferencialur gantolebas eqneba Semdegi saxe,

  (19);MQLiR)k(yp)k(yEI
k

i
i

k

i
ikk

''
L 0

1

1

1

1
0  











sadac ,bkb)k( k 1 aq b aris konstruqciis xisti nawilis

monakveTebis zoma (rvakuTxa formis prizmebis ganlagebis zoma);

y(k) -konstruqciis xisti nawilis (Reros) k-uri monakveTis CaRunvebi;
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  (20)];M
L

Qin[
n

R
n

i
i

n

i
i)B,A( 










1

1

1

1

11

aris Zalovani faqtorebis Qk da Mk (k=1,2…,n-1) zemoqmedebisagan

konstruqciis xisti nawilis (Reros) sayrdenebSi (A da B wertilebSi)

aRZruli vertikaluri reaqciebi (inaxos ingosTan erTad!).

Reros (koWis) grZivi da ganivi Runvis SemTxvevisaTvis II.4.2

gantolebis zogadi amonaxsns, romelic samarTliani iqneba koWis mTlian

sigrZeze, eqneba Semdegi saxe (klebSes mier SemoTavazebuli amoxsnis

xerxis gamoyenebiT),

(21),M)]biX(ucos[
IEu

Q)]biX(usin)biX(u[
IEu

uXsinCuXcosC
IEu

R
)k(y

ik

k

iL

ik

k

i
k

L
kk

L

k























1
1

1

1
2

1
3212

0 

sadac u2=Pkr./EIb.

sakvlevi sistemis sayrdenebis sasazRvro pirobebis ,)bn(y)(y 00 

Xk=kb da ub  Semotanili aRniSvnis gaTvaliswinebiT II.4.2 gantolebis

amonaxsns eqneba Semdegi saboloo saxe,

(22);M)ktgk(M)ktgktgkˆn(M])kn()k(tg
)kcos(

)icos(
n[{

b

Q)in()ktgk(Q)]ktgk()kn(ˆn[Q])kn(i)k(tgi
)kcos(

)isin(
n[

n

ki
ikki

k

i

i

n

ki
kki

k

i
































1

1

2
1

1

1

1

3
1

1

1











sadac ;b/)IE(ˆ
bkk

3  ;b/)IE(ˆ
bkk  

gantolebis amonaxsnis saboloo Sedegi (22) warmoadgens

magistraluri milsadenis didmaliani gadasasvlelis konstruqciis

xisti nawilis (Reros) grZivi Runvis amocanis gadawyvetas. ganxilulia

simetriuli da iribsimetriuli mdgradobis kargvis formebis (n-1)

erTgvarovani gantolebebis sistema Qk da Mk Zalovani faqtorebis

zemoqmedebis dros (maT Soris Reros gaRunvis erTi an ori

naxevartalRis formis dros). gantolebis amonaxsnis miRebul SedegSi

marTebulia tolobebi:
)kn(k)kn(k MM;QQ   . (ix. nax. 4.g, d)

rogorc cnobilia, konstruqciis mdgradobis wonasworobis sawyisi

pirobidan gansxvavebuli axali wonasworobis formis arsebobas

Seesabameba misi warmomSob Zalovan faqtorTa nulTan toloba.

aRniSnuli ganmarteba saSualebas iZleva 4.4 gantolebidan (sistemis

saboloo amonaxsnidan) gamovricxoT Qk da Mk ucnobebi da miviRoT

Semdegi saxis maxasiaTebeli gantoleba ,( kk 0  sadac rogorc zemoT
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aRiniSna xazovani da kuTxura damyolobis gamaTvaliswinebeli

koeficientebia rommlebic damokidebulia Sprengeluri sistemis

bagirebis grZiv da maTi damWeri radianulad ganlagebuli dgarebis

Runvis sixisteebze. miRebuli gantolebis fesvebis povna mizanSewonilia

arsebuli kompiuteruli tipuri programebis gamoyenebiT.

sistemis saboloo maxasiaTebeli gantolebis amonaxsnze dayrdnobiT,

konstruqciis xisti nawilis (Reros) nebismieri n monakveTis mdgradobis

wonasworobis dakargvis pirveli formis (erTi naxevartalRis) dros

reaqtiul Zalebsa da momentebs Soris  adgili aqvs Semdeg

damokidebulebebs (ix. nax. 4.2.b)

Qn-k=Qk; Mn-k=-Mk, (23)

xolo, panelebis luwi ricxvis dros Mn/2=0

konstruqciis xisti nawilis (Reros) nebismieri n monakveTis

mdgradobis wonasworobis dakargvis meore formis (ori naxevartalRis)

dros (ix. nax. 4.2.g):

Qn-k=-Qk; Mn-k=Mk, (24)

xolo, panelebis luwi ricxvis dros Qn/2=0.

II.4.5 da II.4.6 damokidebulebebis II.4.4 gantolebaSi Tanmimdevrulad

Setanis Semdeg miiReba ori maxasiaTebeli gantoleba, romlebsac

gaaCniaT konstruqciis xisti nawilis (Reros) mdgradobis kargvis

sxvadasxva formebis amsaxveli fesvTa usasrulod bevri amonaxsni.

praqtikuli mniSvneloba eniWeba amonaxsnTa minimalur mniSvnelobas ( min )

romelic asaxavs mdgradobis kargvis realur formas da konstruqciis

xisti nawilis kritikuli Zalis gansazRvris saSualebas iZleva-

(25);b/)IE(P b
22  kr .

konstruqciis xisti nawilis moqniloba da saangariSo sigrZe

ganisazRvreba formulebiT:

(26)daydgarikoWi ;/b)L(;I)AA()/b( .b   koWi.day.

LkoWi=n.b sigrZisa da f=2.f0 samaRlis SemoTavazebuli axali tipis

konstruqciis sakoWebis kvanZebis k-uri wertilebis xazovani damyolobis

koeficientebi centraluri xisti Reoebis erTi naxevartalRiT gadrekis

(gamoburcvis) dros (mdgradobis kargvis pirveli SemTxveva, ix. nax. 4.a)

gamoiTvleba formuliT:
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roca konstruqciis xisti nawilis (Reros) dayofis ricxvi kentia

(n=3,5,7 …)

(27)
koWi

koWikenti ;
fEA

L

n

)kn(k)n(
)( k 2

0

3
01

3

2

1 64
13












roca konstruqciis xisti nawilis (Reros) dayofis ricxvi luwia

(n=2,4,8 …)

(28)
koWi

koWiluwi ;
fEA

L

)n(

)kn(kn
)( k 2

0

3
01

21 164

3













sadac 01 diafragmis dgarebis parametria da gamoiTvleba

formuliT,

(29);]tg)
n

in
([

ncosn
/

n

i

n

i i

23
01

2
2

11
201 1

21
1

111



 

 




sakoWebis samagri dgarebis kvanZebis k-uri werilebis kuTxura

damyoloba k
''

k
'

k   1 ganpirovnebulia sakoWis grZivi drekadi

deformaciebiT da diafragmis dgarebis RunviT. jamSi Semavali

wevrebidan koeficienti 1k
' ganisazRvreba miaxloebiT, romelic

mniSvnelovnad mcirea k
'' koeficientze. k

'' koeficienti gamoiTvleba

formuliT,

(30);
koWidg 014

1




tgLEA)kn(k

)n(n
k

''






sadac EAdg- sakoWis samagri diafragmis dgaris sixiste;

01 sayrdenTan sakoWis pirvel monakveTsa da centraluri Reros Soris

kuTxe.

SemoTavazebuli axali tipis konstruqciis sakoWebis kvanZebis k-uri

werilebis xazovani damyolobis koeficientebi 222 k
''

k
'

k   ,

centraluri xisti Reroebis ori naxevartalRiT gadrekis (gamoburcvis)

dros (mdgradobis kargvis meore SemTxveva, ix. nax. 4.b) romlebic

damokidebuli arian sakoWis drekad da kinematikur deformaciebze

gamoiTvleba Semdegi damokidebulebidan

(31)
sak

Hsak

koWi

koWi
;

B

B

fEA)n(n

L)kn(k .
k

2

1

2
0

23

3
01

22

2
12









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sadac B1sak. da B2sak. sakoWebis sistemis (SemoTavazebul konstruqcia

Seicavs vertikalur da horizontalur sistemebs) raodenobis

gamaTvaliswinebeli koeficientia romlebic gamoiTvleba Semdegi

formulebidan,

     
  (32)sak.sak. ;
n

nn
B;QinnQinkB i

n

i
i

n

i
i 13

1
2

1

1

1

1
1 


 









sakoWebis dgarebis kvanZebis k-uri wertilebis kuTxura damyoloba

mdgradobis kargvis meore SemTxvevisas, 222 k
''

k
'

k   ,gamoTvla

warmoebs k
''

k
'

k   1 koeficientebis gamoTvlis analogiurad;

● SemoTavazebuli konstruqciis bagirovani nawilis gaangariSeba

kombinirebuli konstruqciis bagirovani nawilis winamdebare

gaangariSeba Sesrulebulia diferencirebuli saangariSo sqemis

gamoyenebiT.

SemoTavazebuli konstruqciis შემადგენლობაში შემავალი sakoWebi

(ბაგირebი), როგორც kვლევის ობიექტი, წარმოადგენს რთულ სისტემას და

ხასიათდება მთელი რიგი თავისებურებით, რომელთა გათვალისწინებას

პროექტირების დროს არსებითი მნიშვნელობა ენიჭება. ბაგირიvani nawilis

სრულყოფილი მათემატიკური აღწერა და მოდელირება დაკავშირებულია

სხვადასხვა სახის სირთულეებთან; კერძოდ, მთელი სისტემა სივრცეში

განლაგებულია didi zomis gadasasvlelebze (misi mali SesaZloa

ramodenime aseul metris toli iyos), გაჭიმული ბაგირი ურთიერთkavSirSia

მრავალ ელემენტთან, როგორებიცაა, sayrdeni kvanZis elementebi, dgarebi,

sakvanZo momWerebi bagiris Casamagrebeli mimmarTvelebi. ყველა aRniSnuli

თავის მხრივ წარმოადგენს არაწრფივ ელემენტებს. ბაგირს გააჩნია სიხისტე და

ამდენად ადგილი აქვს დრეკად დეფორმაციასა და რხევას. განსაკუთრებული

აღნიშვნის ღირსია momWerebisagan (klemebis moWerisagan) warmoSobili

ძალის არსებობა. ამრიგად, sakoWebis (bagirebis) sistemis მათემატიკური აღწერა

ხდება ცვლად კოეფიციენტებიანი არაწრფივი განტოლებათა სისტემით, რომლის

ამოხსნა პრაქტიკულად არცთუ ადვილი ამოცანაა. aseve unda aRiniSnos, rom

konstruqciebis gaangariSebebi (arsebuli tipuri an specialuri

programebis gamoyenebiT), rogorc erTiani sivrciTi sistemebi cxadia
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Zalovan faqtorebis zust da saimedo Sedegebs iZleva [1], magram aseTi

sizuste yovelTvis ar esaWiroeba damproeqtebels, radganac xSir

SemTxvebSi gaangariSebebi diferencirebuli sqemis gamoyenebiT miRebuli

Sedegebi damproeqteblisaTvis sakmarisi sizustiT uaxlovdeba sivrciTi

sistemis gaangariSebidan miRebul Sedegebs da igi ar moiTxovs did

Sromis danaxarjebs.

yovelive zemoT aRniSnulidan gamomdinare, SemoTavazebuli winaswar

daZabuli axali tipis kombinirebuli konstruqciis bagirovani nawilis

gaangariSeba Sesrulebulia diferencirebuli sqemis da drekad gaWimuli

`მოქნილი ძაფის“ saangariSo formulebis gamoyenebiT.

vertikalur sibrtyeSi ganlagebuli sakoWis saangariSo sqemad

miCneulia or sayrdenze (A da B wertilebSi) uZravad Camagrebuli

aradrekadi (uWimvadi) uwono Zafi, romelic datvirTulia Seyursuli

ZalebiT (nax.#1). SemoTavazebuli konstruqciis teqnikuri gadawyvetis

mixedviT rogorc SesavalSi aRiniSna, sakoWebis winaswar daZabva

xorcieldeba dgarebis saTanado elementebis sinqronuli brunviT, rac

iwvevs dgarebis sakoWTan Camagrebis kvanZebis radialurad

gadaadgilebas, amitom mniSvnelovania sakoWis dgarebTan Camagrebis

wertilebis radialuri gadaadgilebaTa sididis gansazRvras, anu

kvanZebis gadaadgilebasa da uSaolod maTze moqmedi kvanZur

datvirTvebs Soris pirdapiri damokidebulebis gansazRvras [2].

sakoWis dgarebTan SeerTebis kvanZebze  moqmedi Seyursuli ganivi

Zala Sedgeba Semdegi saxis datvirTvebis zemoqmedebisagan; mudmivi

datvirTa (konstruqciuli mosazrebiT konsruqciis mudmivi datvirTva

modebulia sivrciTi konstruqciis vertikalur sibrtyis qveda SreSi

ganlagebul sakoWze) b). ლipyinulis datvirTva da g). ლipyinulis dros

qaris zemoqmedeba. aRniSnuli datvirTvebi modebuli aris sakoWis

dgarebTan SeerTebis kvanZebis (1, 2, ....., n-1) wertilebSi (nax. 3) rogorc

Seyursuli Zalebi 121 nP,P,P ,...... . sakoWis dgarebTan Camagrebis

wertilebs Soris zoma l, mali, A da B wertilebs Soris zoma nlL 

[A(0)-dan B( n)-mde)].
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sakoWis Camagrebis wertilebSi vertikaluri da horizontaluri

(sistemis gambrjeni) reaqciebi gamoiTvleba formulebiT;

(33))RRR(,iP
n

P)in(
n

R BA

n

i
i

n

i
i 0

1

1

1

1
0

11
 









(34)
n

n

i
i

n

i
i

ntg

,iP

ntg

P)in(

tg

R
H










 




1

1

1

1

1

1

0
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roca ganivi Seyursuli Zalebis sidideebi tolia, gambrjenis

mniSvneloba gamoiTvleba formuliT;

(35))tg/(]P)n[(H 0121 

sadac P aris sakoWis Camagrebis wertilebSi moqmedi vertikaluri

(ganivi) Zala; i - sakoWis pirvel panelsa da A da B wertilebze

gamaval

horizontalur xazs Soris kuTxe;

sakoWis ik -uri monakveTis daxris kuTxe mis wveroze gamaval

horizontalur xazTan gamoiTvleba tolobidan;

(36)1
0

1

1
0

1

1
0

 tg
R

PR

H

PR
tg

k

i
i

k

i
i

k
















(35) formulaSi sayrdeni reaqciis mniSvnelobis gaTvaliswinebiT

sakoWis ik -uri monakveTis daxris kuTxe nebimier wertilSi gamoiTvleba

formuliT, rodesac 11  nk ;

(38);,(37); 12111

1

1

1

1

1
21 1

21
 tg

n

kn
tgP,...,PPtg

P)in(

PnP)in(
tg,P,...,PP kin

i
i

k

i
i

n

i
i

ki 























sakoWis calkeul monakveTebSi  aRZruli  gamWimavi Zala, roca sakoWze

moqmedebs sxvadasxva sididis an toli kvanZuri Zalebi,  gamoiTvleba

formulebiT.; (39);,P;
k

ki
k

n

i
i

ki costg

P)n(
NP,...,PP

costgn

P)in(
N,P,...,PP

 1
21

1

1

1
21 2

1














aseve, gaangariSebis gamartivebis mizniT SesaZlebelia sakoWis ganiv

kveTSi aRZruli  maqsimaluri gamWimavi Zalis  gamoTvla Semdegi

formuliT; (40)maq.
sak. ;HRN 2

0
2
0 

proeqtirebisaTvis saWiro sizustiT damreci sakoWis

)/l/f( 1010  sigrZis gamoTvla SesaZlebelia kvadratuli parabolis

gamoyenebiT; (41)sak. ,ccln
c

c[
L

S  22 1
1

1
2

sadac L/fc 04 . roca sakoWi datvirTulia  (roca sakoWze moqmedebs

sxvadasxva sididis an toli kvanZuri Zalebi) da l=const sakoWis sigrZe

gamoiTvleba formulebiT;
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(43);,

(42)P;

sak.

sak.

]tg
)n(

n
[nlSP,...,PP

)tgn(ltglS,P,...,PP

i

n

i

n

i
iii

1
2

21

1 1

21
2

2
21

16

1
1

1










  
 

roca konstruqciis moqnili nawilis dayofis ricxvi kentia (n=3,5,7 …)

(44);
L

,
Caw.ken.

sak. ])
L

f
(

)n(

n
[LSP,...,PP i

2
2

2

21 13

8
1




roca konstruqciis moqnili nawilis dayofis ricxvi luwia (n=2,4,8 …)

(45);
L

,
Caw.luwi

sak. ])
L

f
(

n

)n(
[LSP,...,PP i

2
2

2

21 3

18
1




…sadac pr.Caw. D.ff 500  aris sakoWis maqsimaluri CaRunva. aq 0f -

konstruqciis maqsimaluri Caweuloba; pr.D aris konstruqciis

centraluri nawilis rvakuTxa formis prizmis fuZis amgebi wris

diametri.

(44) da (45) formulebiT gamoTvlili Sedegebi emTxveva (9) formuliT

gamoTvlil sakoWis sigrZis zust mniSvnelobebs. aseve, roca n→∞ (44)

da (45) formulebi dadis parabolis sigrZis gansazRvris cnobil

formulaze [3] , romlis gamoyeneba proeqtirebisas mizanSewonilia;

(46);
L

,
Caw.

sak. ])
L

f
([LSP,...,PP i

2
21 3

8
1

Seyursuli ZalebiT ( 121 nP,P,P ,...... ) datvirTuli sakoWis sakvanZo

wertilebis ordinatebis gansazRvra SesaZlebelia im mosazrebidan

gamomdinare, rom misi wonasworobis forma msgavsia or sayrdenze

mdebare L malis koWis (romelic datvirTulia analogiuri Seyursuli

ZalebiT) mRunavi momentebis epiuris. k wertilSi mRunavi momenti

gamoiTvleba formuliT;

(47)lR]
P)in(

PnP)ik(
nk[M n

i
i

k

i
i

k

i
i

k 01

1

1

1

1

1





















(47) formulaSi pirveli wertilis ordinatis 11 tglf  da mRunavi

momenti

M1=Ɩ•R0 Setanis Semdeg k-uri wertilis ordinatis gamosaTvlel

formulas eqneba saxe;
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(48)11

1

1

1

1

1 tgl]
P)in(

PnP)ik(
nk[f n

i
i

k

i
i

k

i
i

k 




















sakoWis sakvanZo wertilebis ordinatebis jami gamoiTvleba

formuliT;

(49)11

1

1

1

1

1
1

1 2
tgl

P)in(

PnP)in(i
n

f n

i
i

k

i
i

n

i
in

i
i 









 














sakoWze toli kvanZuri datvirTvebis SemTxvevaSi (48) da (49)

formulebs aqvs Sedegi saxe;

(50);, 1

1

1
121 6

1

1
 tgl

)n(n
ftgl

n

)kn(k
fP,...,PP

n

i
iki 







 




winaswardaZabvis (dgarebis sakoWTan SeerTebis kvanZebis radialuri

gadaadgilebis Semdeg)  sakoWis k-uri wertilis ordinatis mniSvneloba

toli iqneba kkk fff 0 , sadac ∆fk aris gadaadgilebis nazrdi

winaswardaZabvisagan.

winaswardaZabvis sidide sakoWSi miiReba Nwin.=(0.2÷03)Nmaq. p [2]. anu

sakoWSi aRZruli maqsimaluri jamuri Zala Nsak.maq.=(1.2÷13)•Nmaq..p.

sakoWTan Camagrebis kvanZebis radialuri gadaadgilebi romelsac

aRZravs Zala (∆Pwin.) gamoiTvleba (38) formulis gardaqmniT;

(51);
maq.

win. 1

23020 0101






n

costgN)..(
P .p 



sadac α01 aris sakoWis pirveli panelis daxris kuTxe horizontTan

misi dgarebTan SeerTebis kvanZebis gaadgilebiT daZabvis Semdeg; Nmaq. p -

P1, P2,...., Pn-1 kvanZebze moqmedi Zalebisagan sakoWSi aRZruli maqsimaluri

Zala.

zemoT moyvanili formulebSi k-uri wertilis ordinatis

gamosaTvleli formulebi Seesabameba aradrekadi (uWimvadi) sakoWis

sawyis mdgomareobas, romelic datvirTulia Seyursuli ZalebiT.

aradrekadi (uWimvadi, aracvladi sigrZis) sakoWis ZiriTadi parametrebis

dasadgenad (daZabvis Semdeg) ganvsazRroT damokidebuleba α01, -sa da α1-s

Soris. aRniSnulis gadasawyvetad gardavqmnaT (40) formula (36)-s

gamoyenebiT;
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(52)P;)- 2

1
sak. ]PR(

R

tg
[nlS

n

i

n

i






1

02
0

1
2

2
1

1i



(33) da (42) formulebiT miRebuli Sedegebis gatolebiTa da

gardaqmnebis Semdeg miviRebT α01, -sa  da α1-T kuTxeebs Soris

damokidebulebas;

(53)

)- 2

1

0101

0

1

113

1
 tgR

]PR(/[){n(

)n(n
tg n

i

n

i










 1i

winaswardaZabvisagan kvanZebis gadaadgilebis nazrdi gamoiTvleba

formuliT ∆fk =f0k- fk; sadac f0k iangariSeba α01,-s, xolo fk α1-s sakoWis

pirveli panelis horizontTan daxris kuTxeebis mixedviT.

gamosaTvlelad gamoiyeneba (48) da (18) formulebi.

konstruqciuli mosazrebiT vertikalur sibrtyis qveda SreSi

ganlagebul sakoWis daZabva xorcieldeba lipyinulis datvirTvisa da

winaswardaZabvis radialuri Zalebis jamisagan gaangariSebuli

gadaadgilebis mixedviT. aseve, SemoTavazebuli sivrciTi konstruqciis

horizontalur da vertikalur sibrtyeebSi ganlagebuli sakoWebis ganivi

kveTebi miiReba vertikaluri sibrtyis qveda Sris gaangariSebidan

miRebuli Sedegebis analogiuri;

● garecentrulad SekumSuli Reroebis zidvis unaris gansazRvra

(albaTuri interpretacia).

milsadenebis didmaliani gadasasvlelis axali tipis  winaswar

daZabuli kombinirebuli konstruqciis aRweraSi aris mocemuli, rom

misi ZiriTadi mzidi elementebi aris paraboluri moxazulobis zeda

sartyliani TaRovani wamwe (an sworxazovani, mTliankedliani an gamWoli

koWovani konstruqciebi) da winaswar daZabuli mzidi bagirovani

elementebi. anu SemoTavazebuli konstruqcia Sedgeba xisti da moqnili

(bagirovani) nawilebis (elementebis) erTobliobisagan.  konstruqciis

xisti nawilis elementebi ZiriTadad kumSvaze an garecentrul kumSvaze

muSaoben.

xisti nawilis elementebis gaangariSebisas mniSvnelovan sakiTxs

warmoadgens  mkumSavi Zalis zemoqmedebisas maTi zidvis unaris
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amowurvisa da Senoba-nagebobebis ConCxedis calkeuli elementebis

mtyunebis albaTobis dadgena.

mkumSavi ZaliT datvirTul  realur konstruqciis elementebs

yovelTvis gaaCniaT sawyisi gaRunva, xolo mkumSavi Zalebi moqmedeben

raRac eqscentrisititebiT, anu Reroebi datvirTulia mkumSavi ZaliT da

SemTxveviT mRunavi momentiT.amasTan SekumSul-gaRunuli Rero daiyvaneba

erTi Tavisuflebis xarisxis mqone sistemamde, rac ar iZleva did

cdomilebas gaangariSebis SedegebSi da misaRebia praqtikuli

TvalsazrisiT. sistemis `arasrulyofilebis~ faqtorebi

(eqscentrisititebi, sawyisi gaRunvebi) SemTxveviTi sidideebi arian da

maTTvis SesaZlebelia dadgindes Sesabamisi ganawilebis mrudebi.

aRniSnul sidideebze damokidebuli konstruqciis elementebis

funqciuri daniSnulebisaTvis (gansaxilvel SemTxvevaSi

mdgradobisaTvis) SeiZleba moinaxos, agreTve,  ganawilebis garkveuli

kanoni da amgvarad ganisazRvros, ama Tu im pirobebSi,  zidvis unaris

amowurvis albaToba.

grZivi Zalis eqscentruli moqmedebisa da sawyisi simrudis

erToblivi gaTvaliswinebis idea ekuTvnis f. iasinskis, romelmac

saangariSo eqscentrisiteti Reros SuaSi Semdegi saxiT warmoadgina [2];

7501000 /l/rfee  (54)

sadac r kveTis gulis radiusia (manZili).

foladis konstruqciebis amJamad moqmedi normatiuli masalebiT [5]

miRebulia ,/l/ie 75010  (55). aq i ganivi kveTis inerciis radiusia.

Tu am damokidebulebaSi kveTis gulis radiuss r-s SevitanT, (55)

SegviZlia warmovadginoT Semdegi saxiT; ,/lrfee 75000   (56).

sadac r/i 20 (sxvadasxva ganivi kveTebisaTvis advilia  -s ricxviTi

mniSvnelobis gamoTvla. sworkuTxa ganivi kveTisaTvis 086603 .,ri   ).

(54) da (55) damokidebulebebis Sedarebidan gamodis, rom erTi da

igive e-saTvis r/10=i/20, anu i=2r, xolo realurad, igive sworkuTxa ganivi

kveTisaTvis i=1.732r, sxvaoba sagrZnobia. garda amisa ufro marTebulad

aris miCneuli (56) damokidebulebaSi empiriuli sawyisi gaRunvis 7500 /lf 

nacvlad dadgenili iqnas Reros RerZis maqsimaluri sawyisi simrude

0 [2], romelic warmoadgens ganapira boWkoebis narCeni wagrZelebebis
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sxvaobis  -s fardobas ganivi kveTis simaRlesTan; h/ 0 . davuSvaT,

rom sawyisi simrude (ise rogorc sawyisi gaRunva) icvleba Reros mTel

sigrZeze sinusoiduri kanoniT;

(57);z
l

sin


 0

rogorc cnobilia, Tu simrudis saerTo gamosaxulebaSi CavTvliT,

rom Reros Runva mcirea mis sigrZesTan SedarebiT, maSin gaRunuli RerZi

iqneba damreci mrudi da (dv/dz)2˂˂1-ze, am SemTxvevaSi miiReba;

(58);vdz/vd "
0

2
0

2 

sadac )z(vv 00  sawyisi gsRunvis sididea z ganiv kveTSi. sawyisi gaRunvis

cvalebadobas Reros sigrZeze, miaxloebiT, sinusoidis saxiT

warmoadgenen. ,z
l

sinfv


00  xolo simrude iqneba;

z
l

sin
l

fv" 
2

2

00
 (59)

(58)-Si (57)-sa da (59)-s Setanis Sedegad ganisazRvreba, Reros sigrZisa

da ganivi kveTis zomebTan funqciur damokidebulebaSi, saangariSo

sawyisi gaRunva Rerios sigrZis SuaSi;

h

ll
f

2

2

2

2
0

0 




 (60)

maSasadame (56) formulis nacvlad miviRebT;

)
hr

i
(r

h

l
rfee 2

2

2

2

2

00 







 

sadac i/l Reros moqnilobaa. maSin fardobiTi eqscentrisiteti toil

iqneba; 2 
r

e
m (61)

sadac
h

x

A/W

A/I

hhr

i
222

2













 (62)

vinaidan inerciis momentis fardoba winaRobis momentTan

,xW/I  sadac x manZilia ganivi kveTis simZimis centridanyvelaze ufro

daSorebul, SekumSul (gaWimul) boWkomde. fardobiTi eqscentrisiteti

(61) warmoadgens SemTxveviT funqcias SemTxveviTi argumentebiT;

2 ~~m~  (10)
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sadac  -determinirebuli sididea, xolo ~ da ~ -SemTxveviTi sidideebi,

romelTa ganawilebis mrudi SeiZleba miviCnioT normalurad, centriT

koordinatTa saTaveSi.

konstruqciis mdgradoba eqspluataciis pirobebSi SeiZleba

daxasiaTdes damoukidebeli parametrebis sruli raodenobiT

)q,qq(q n......, 21 . am parametrebidan zogierTi axasiaTeben datvirTvebs,

meoreni masalis simtkices, mesameni- konstruqciis  pirobebis gadaxras

saangariSo sqemidan da a. S. am parametrebis ricxvSi ar Sedian is

sidideebi, romelTa realizacia konstruqciebSi xdeba

gaangariSebebebTan zust SesabamisobaSi, an mciredi daSvebiT da maTi

gavlena konstruqciis muSaobaze SeiZleba ugulebelvyoT.

amrigad parametrebi nq,qq ......, 21 CaiTvlebian SemTxveviT sidideebad,

romelTa albaTobis erToblivi simkrive )q(P cnobilia. gaangariSeba

unda efuZnebodes imis albaTobis gansazRvras, rom ar iqneba miRweuli

daSvebuli zRvruli mdgomareoba. rRvevis albaTobis gansazRvrisaTvis

mizanSewonilia SemoviRoT SemTxveviTi sidide, romelic zRvruli

mdgomareobis pirobis Sesabamisad SeiZleba CaiTvalos zidvis unaris

maragad [1,2];

)q(H
~

)q(R
~

)q(L
~  (64)

sadac R
~

konstruqciis ganzogadebuli zidvis unaria; H
~
-

ganzogadebuli datirTva; q damoukidebeli parametrebi. L(q) TavisTavad

ramodenime cvladis funqciaa, romelTagan zogierTs cxadad gamosaxuli

SemTxveviTi xasiaTi aqvs, sxvebi ki SeiZleba CaiTvalos determinirebul

sidideebad.

garecentrul kumSvaze albaTuri gaangariSebis safuZvlad aRebulia,

sawyisi gaRunvis da SemTxveviTi eqscentrisitetis erTdrouli

gaTvaliswinebiT Cvens mier miRebuli (63), arsebulis (55) identuri,

magram konceptualurad gansxvavebuli, determinirebuli damokidebuleba

zidvis unaris maragis SemTxveviT funqciasa (54) da masalis saangariSo

winaRobis, kritikuli Zabvebisa da eqscentrisitetis SemTxveviT

sidideebs Soris;

,~~
)~.~.(~

m~~R
~

L
~

crtcrT

crtcrTcrt
crty 








2745081

(12)
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sadac yR
~

masalis saangariSo winaRobaa (foladis Reroebis SemTxvevaSi);

crt
~ da crT

~ Sesabamisad dayvanili da mxebi modulebiT gansazRvruli

kritikuli Zabvebi; m~ - fardobiTi eqscentrisiteti;

1.8≈(f0/e)+1≈0.8+1; 0.274≈(4/π)-1≈1.274-1  [3].

kvlevis Sedegebebidan gamomdinare askvnian, rom SekumSuli

Reroebis zidvis unaris daqveiTeba ar SeiZleba mxolod grZivi Zalvis

modebis eqscentrisitetiT aixsnas. didi moqnilobis mqone Reroebis

SemTxvevaSi torsul ganivkveTze Zalvis moqmedebis eqscentruloba

nakleb gavlenas axdens mis mdgradobaze, samagierod did mniSvnelobas

iZebs Reros ReerZis SemTxveviTi umniSvnelo gaRunvebi, es ki TavisTavad

araarsebiTia mcire moqnilobis ReroebisaTvis [2,4].

xSirad Tvlian, rom wasyisi fardobiTi gaRunvis miRebuli sidide

l/f0 (f0- sawyisi gaRunva; l- Reros sigrZe). centraluri kumSvis dros,

sakmarisi xarisxiT iTvaliswinebs mkumSavi Zalis modebis

eqscentrulobasac. es mosazreba, ra Tqma unda, aramarTebulia. miTumetes

mcdaria igi SekumSul-gaRunuli (garecentrulad SekumSuli) Reroebis

SemTxvevaSi, miuxedavad mdgradobis kargvis procesis identurobisa.

maSasadame L
~
-is gamosaxulebaSi (65) xuTi SemTxveviTi sididea. erT-

erTi maTgani, kerZod crt
~ formulaSi Sedis arawrfivi saxiT. L

~
-is

ganawilebis kanoni normaluri iqneba, Tu is Tavis argumentebTan

damokidebulebaSi wrfivad gamoisaxeba. amitom viyenebT SemTxveviTi

sidideebis funqciis linearizaciis (gawrfevebis) meTods.

Tu veqtoris )x,xx( n......, 21 albaTobis simkvrive misi mdgenelebis

ganawilebis centridan daSorebisas swrafad milevadia, maSin SeiZleba

gamoviyenoT arawrfivi funqciis teiloris mwkrivad gaSlis formula:

,W
~

x

y
)xx~(...

x

y
)xx~(

x

y
)xx~(yy~

n
nn 












2

22
1

11 (13)

sadac y da x Sesabamisad SemTxveviTi funqciis da argumentis

maTematikuri lodini, anu ganawilebis centrebia. amasTan y

miaxloebiT toli miiReba: ),x,...,x,x(yy n21

xolo, kerZo warmoebulis mniSvnelobebi jx/y  aiReba

jj xx  damokidebulebisaTvis.
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maSasadame teiloris mwkrivad gaSla warmoebs SemTxveviTi

veqtoris )x~,...,x~,x~( n21 ganawilebis centrebis mdebareobis siaxloveSi (66)

formulaSi W
~
-Ti aRniSnulia arawrfivi wevrebi, romelTa

ugulebelyofa SeiZleba, radganac ganawilebis centridan mcire

gadaxrisas isini Zalzed umniSvnelo sidideebi arian, xolo gadaxrebis

SemTxevaSi mcirea albaTovis simkvrive )y(p .

analogiurad (13)-isa SegviZlia (12) gamosaxulebis teiloris mwkrivad

gaSla. gamovTvaloT L funqciis kerZo warmoebulebi misi SemTxveviTi

argumentebiT:

.~~

~.~~.L

;~~

~.~~.L
;

)~~(

~.
)

~~(
L

;
)~~(

~.?~~.~.
)

~~(
L

;
L

crtcrT

crtcrTcrt

crtcrT

crtcrTcrt

crtcrT

crt

crt

crtcrT

crtcrTcrtcrt

crty





















































22

22

2

2
2

2

22
2

274081

2740810742

742548081
11

(67)

Tu (67) gamosaxulebebSi SemTxveviTi sidideebis nacvlad SevitaneT maTi

ganawilebis centrebs (maTematikur lodins) 0 ,, crTcrt da ,0

miviRebT L funqciis wrfivi aproqsimaciis koeficientebs, maSin (66)-is

Tanaxmad L SemTxveviTi funqcia (65) gawrfivebuli saxiT Caiwereba

Semdegnairad:

.;1;sadac

(68)

crtcrT

crtcrTcrt

crtcrT

crtcrTcrt

crtcrtyy

..
D

..
C;BA

,
~

D~C)~(B)RR
~

(ALL
~





















22

2
22 274081274081

1

radganac (67) gamosaxulebebSi

0102  crTcrtyy /L/L,)RR
~

(
~~  da

(65) da (68)-is gamoyenebiT miiReba ganawilebis centris miaxloebiTi da

dispersiis mniSvnelobebi:

)( 4
2

22
222 274081














)(

)..(
RDCBRAL,RL

crtcrT

crtcrTcrt
crtycrtycrty

aqeadan ganisazRvreba L
~

SemTxveviTi funqciis cvalebadoba;
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(69)0)((-

-)](-)-2-[)2-(

)/((

2
1

22











42

22

2422

274081

274081
















)..

RRR(

))..(R

L

L

crtcrTcrt

crtycrtcrtyycrTcrTcrtcrT

crtcrT

crtcrTcrtcrTcrtcrty

L

Tu (69) gamosaxulebas gavyofT
4
yR da SemovitanT aRniSvnebs;

)/();/(/

)/(;/;/;/

2222

2422

cycrTcrtcrtycrt

yRyycycrtycrT

RR

;RRRRR





 






sadac c garecentruli kumSvis dros zidvis unaris Semamcirebeli

koeficientia (igulisxmeba :gveqneba[6]),cycrtycrt R/R/  

(70)1.8-)--2-()2-( ;. cccRcLcLLcc 02740 22222222   

davuSvaT, rom  yyR R/R
~ zidvis unaris variaciis koeficienti igive

rigisaa, rogorisac )( RL 1  , maSin (70) gantoleba miiRebs saxes:

(71)0;
2

-)
4

)(2- 











22

22

22

2
22

22

2
3 8127402

 












L

L
e

L

L
e

L

L
e

..
(

kerZo SemTxvevaSi, rodesac, arsebulTan Sedarebis TvalsazrisiT,

vuSvebT datvirTvebis nulovan variacias,

:gveqnebanacladgantolebis(71)[2],06 W

(72)0;1.82-2(-  )/()/.() LeLee
222223 274041 

magaliTisTvis viRebT Semdeg monacemebs (aRebulia [2,4,6,8,9]-dan):

..;.;.RR

R
T

.T

eeeLycrtycrt

y

0181320770

801041

23

2crt
5














3.673.54-1/3.09215.7/280//

mpa;2mpa;215.7
6400

101.49.86
mpa;80;

52

720.e  , rac mniSvnelovnad maRalia igive monacemebiT [2]-Si miRebulze.

e -s gamoyenebadi mniSvnelobebi ar unda aRematebodes centralurad

SekumSuli elementebis grZivi Runvis koeficientis  -s mniSvnelobebs

[12]

Senoba-nagebobebisaTvis miRebuli mtyunebis albaToba Zalzed

dabalia. maTi mniSvnelobebis rigi uxeSi SefasebiT tolia:
310fP ,

iseTi zRvruli mdgomareobisaTvis, romlebic ar warmoadgenen

saSiSroebas adamianebis sicocxlisaTvis da
63 1010  fP zRvruli

mdgomareobisaTvis katastrofuli SedegebiT. amas Seefardeba
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saimedoobis zoma 0,999999, 999990,Ps romlis Sesabamisi usafrTxoebis

maxasiaTebeli (standartebis ricxvi) 754264 ..  metad didia – sainJinro

praqtikaSi ar poulobs realur statistikur asaxvas [7]. amitom Senoba-

nagebobaTa saimedoobis xarisxisagan gansxvavebiT, calkeuli

konstruqciuli elementebis (romelTa lokaluri zidvis unaris kargva

ver gamoiwvevs nagebobebis srul rRvevas) mtyunebis albaTobas viRebT

310fP , Sesabamisi saimedoobis zomiT (uzrunvelyofiT) 999,Ps 0 da

usafrTxoebis maxasiaTebeli ..093

(19) gantolebaSi Semavali sidideebis Sesabamisi mniSvnelobebis

Setanis Sedegad, Cvens mier miRebuli (mtyunebis albaTobiT dadgenili)

usafrTxoebis maxasiaTeblis da variaciis koeficientis safuZvelze,

ganisazRvreba garecentruli kumSvis dros saangariSo winaRobis (zidvis

unaris) Semamcirebeli koeficientebis speqtri, rogorc simetriuli, ise

asimetriuli ganivi kveTis ReroebisaTvis, tolfasi saimedoobis

uzrunvelyofiT;

● SemoTavazebuli konstruqciis aerodinamikur mdgradobaze

gaangariSeba

SemoTavazebuli ugamrjeno axali tipis kombinirebuli konstruqciis

sistemaze ZiriTadad moqmedebs mudmivi, qarisa da seismuri datvirTvebi.

qarisa da seismuri datvirTvebis zemoqmedebisagan kombinirebuli

ugamrjeno sistemam  SeiZleba Seasrulos determinebuli an iZulebiTi

rxevebi. im SemTxvevaSi Tu sistema imyofeba rxeviT moZraobaSi, maSin mis

xist nawilze gadaecema cvladi mkumSavi Zala,  romelic  konstruqciis

bagirovani da misi xisti nawilis sakuTari rxevis garkveuli (romelime

konkretul) mniSvnelobebis fardobisas kombinirebul sistemas miiyvans

parametrul rezonansamde. anu aRniSnuli movlenisis ganviTarebisas

adgili eqneba kombinirebuli sistemis winaswardaZabuli xisti nawili

aerodinamikur mdgradobis kargvas.

yovelive zemoT aRniSnulis gamo aucilebelia ganisazRvros is

parametrebi romlis drosac uzrunvelyofili iqneba SemoTavazebuli

axali tipis winaswar daZabuli kombinirebuli konstruqciis xisti

nawilis aerodinamikur mdgradoba.
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SemoTavazebuli konstruqciis diferencirebul (miaxloebiT)

saangariSo sqemad  (nax.-1) aRebulia vertikalur sibrtyeSi ganlagebuli

sakoWebi da mis centralur nawilSi ganTavsebuli xisti nawili, anu,

saangariSo sqema miyvanilia orSrian kombinirebul bagirovan wamwis

saangariSo sqemaze da winamdebare gaangariSeba warmoebs analogiuri

konstruqciebis  gaangariSebis [4] meTodiT. sistemis radialurad

ganlagebuli dgarebi miCneulia rogorc drekadi sayrdenebi.

winamdebare gaangariSebaSi miRebulia Semdegi daSvebebi: 1.

kombinirebuli sistema asrulebs rxevas harmoniuli kanoniT, sixSire φ,

ampliduda A; 2. winaswardaZabuli Rero ganTavsebulia cvlad sagebis

koeficientian (K) drekad fuZeze; 3. sistema aucileblad gaivlis

rezonasul movlenas da moZraoba aRiwereba maties gantolebiT.

ganixileba SemTxveva rodesac konstruqciis xisti nawili

datvirTulia Semdegi ZalebiT;
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aq, mr=Sr/L-bagiris sigrZis fardoba malTan; n- Sprengeluri sistemis

rxevis formebis ricxvi.
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sadac da2c -mudmivi koeficientebi, romelTa gamoTvlis xerxebi

mocemulia maties gantolebis TeoriaSi.

(80) gantolebis damokidebulebebis (81) gantolebaSi SetaniT miiReba

constP  SemTxvevisaTvis maties standartul gantoleba Semdegi saxiT;
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xolo W -kompleqsuri argumentidan albaTuri integrali
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

)]([  moduli warmoadgens rxeviTi procesis amRwer aRmaval mruds,

romelic uCvenebs gansaxilveli sistemis amplidudebis cvlilebis

kanonzomierebas.

miRebuli amoxsnis (gadawyvetis) Sedegebis mudmivi parametrebis mqone

sistemis amonaxsnis SedegTan Sedarebis safuZvelze SegviZlia

davaskvnaT, rom parametrebi (86).....32.1,0, );r(rr   22 SegviZlia

ganvixiloT, rogorc sistemis uganzomilo sakuTari sixSireebis speqtri,

romelTagan ZiriTadi sixSire aris is sixSire, romlis mniSvneloba

yvelaze axlosaa ak mniSvnelobasTan. gansaxilvel sistemas mudmiv
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parametrebis mqone sistemisagan gansxvavebiT,  gaaCnia ara erTi

rezonansi, aramed misi mniSvnelobebis usasrulo simravle.

aRniSnulidan gamomdinare SegviZlia davaskvnaT, rom gansaxilvel

sistemaSi sixSireebis simravleTa Soris ramodenime Sedegs (ZiriTadi

sixSiris, maqsimalur-pirveli mniSvnelobas) SeiZleba qondes praqtikuli

mniSvneloba.

)]([  modulis mniSvneloba da sixSireebis speqtri, roca funqciebis

)iexp()(y  1 da )iexp()(y 2 periodi tolia ,2 gamoiTvleba (85) da (86)

formulebis gamoyenebiT, maTSi r2 -is 12 r -iT Secvlis gaTvaliswinebiT.

sixSireebis mniSvnelobebi ganisazRvreba a da b parametrebiT.

roca 0p miiReba maties standartuli gantoleba (79), romlis

gamoyenebiT (daxmarebiT), aseve a - b parametrebze dayrdnobiT

ganisazRvreba (b. a. bodneris utolobebis mixedviT da ainsa-stretis

diagramebis gamoyenebiT) sistemis mdgradi da aramdgradi rxevebis

areebi.

sistemis wertilebi, romlebTanac SesaZlebelia aramdradi rxevebis

warmoSoba (dadgoma), ganisazRvreba  (74)  formulis kombinirebul

variaciuli meTodiT amoxsniT, roca 0) t,x(f
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roca 0k miiReba sayrdenebSi saxsrulad dayrdnobili (Camagrebuli)

SekumSuli Reros sixSiris cnobil formulas

eil.st. P/Hnn  1 (89)

sadac
m

EI

L

n
n 2

22
  - or saydenze ganTavsebuli Reros Tavisufali

rxevis sixSire; eil.P -eileris kritikuli Zala.

rogorc SesavalSi aRiniSna, zemoT moyvanili aerodinamikur

mdgradobaze gaangariSeba Catarebulia SemoTavazebuli konstruqciis



45

diferencirebuli (miaxloebiTi) saangariSo sqemis gamoyenebiT.

SemoTavazebuli konstruqciis, rogorc sivrciTi kombinirebuli sistemis

aerodinamikur mdgradobaze gaangariSeba Catareba SesaZlebelia

samSeneblo konstruqciebis saangariSo tipuri programebis gamoyenebiT;

● SemoTavazebuli konstruqciis gaangariSeba arsebuli saangariSo

tipuri programebis gamoyenebiT
dReisaTvis arsebobs personalur kompiuterebze samSeneblo konstruqciebis

gasaangariSebeli tipuri programebi, romelTa gamoyenebiT SesaZlebelia

gasaangariSebeli konstruqciis iseTi idializirebuli modelis Seqmna, romelic

uaxlovdeba konstruqciis namdvil muSaobas.

xsenebuli modelis realur konstruqciis muSaobasTan miaxloebis xarisxi

damokidebulia inJiner-konstruqtoris kvalifikaciaze da gamosaTvleli kompleqsis

simZlavreze.

samSeneblo konstruqciebis gaangariSebis aRniSnul tipur programebs

safuZvlad udevs, samSeneblo meqanikaSi gavrcelebuli sasrul elementTa meTodi.

gaangariSeba iwyeba, rogorc zemoT avRniSneT, konstruqciuli sqemis modelis

SeqmniT. pirvel etepze ganisazRvreba konsruqciis geometria, kerZod kvanZebis

koordinatebi, Semdeg etapze saorientacio ganikveTebsa da Sesabamis masalis

drekadobis moduli da sxva saWiro meqnikur maxasiaTeblebi.

konstruqciis tipuri programebis gasaangariSebeli programis gamoyeneba

SeuZlebelia saorientacio gaangariSebis gareSe, anu bijuri meTodis gamoyenebis

gareSe. sadoqtoro naSromSi mocemuli analizuri gaangariSebebi sakmarisia sawyisi

monacemebis Sesaqmnelad, anu isini iTvleba konstruqciaTa gaangariSebis pirvel

miaxlovebad.

zemoTaRniSnulis sailustrciod gamoyenebulia ukrainis qalaq kievis

samecniero institutis avtomatizirebuli sistemebis (dagegma da marTva

mSeneblobaSi) varianti LIRA ПK 9.6.

მეოთხე თავში mocemulia milsadenebis didmaliani sahaero

gadasasvlelis axali tipis winaswardaZabuli kombinirebuli

konstruqciis konstruirebis sakiTxebi, kerZod, mocemulia konstruqciis

xisti da moqnili elementebis (bagirebis) SeerTebis kvanZebis

gaangariSeba. aseve ganxilulia misi elementebis koroziisagan dacvis
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sakiTxebi. aseve  mocemulia SemoTavazebuli konstruqciis agebis

teqnologia da winaswari daZabvis ganxorcielebis teqnologia.

mexuTe TavSi mocemulia SemoTavazebuli da arsebuli

konstruqciebis teqnikur-ekonomikuri Sedareba.

SemoTavazebuli konstruqciis ekonomikuri efeqturobis

Sesafaseblad winamdebare gaangariSebaSi Sedarebulia arsebuli

(analogiuri) da axali tipis konstruqciis teqniko-ekonomikuri

maCveneblebi. arsebuli konstruqciebis teqnikur–ekonomikuri

maxasiaTeblebi aRebulia realuri aRsrulebuli proeqtebis masalebidan

(saqarTvelos navTobisa da gazis korporaciis sainJinro–teqnikuri

uzrunvelyofis departamenti, Sps `xuroTmoZRvari~ da Н. М. Кирсанов, висячие

конструкций, лист 16,17. Под обшеи редакцшей.    Д Т Н, проф. Н. С. Стрелецкого. Проект

Разработан, Московский ЦНИИ проектсталь- конструкцией, построена -1964 г.);

SerCeulia oTxi saxis arsebuli konstruqcia:

1. mdinare  texuraze xidiseburi sahaero gadasasvleli, 4 maliania, 4X30=120 m,

proeqti damuSavebulia saq. navT. da gazis korporaciis mier;

2. bolnisis raionis wyalmomaragebis centraluri milsadenis damewyrili

monakveTis (`sayaflano~) gadakveTis kiduli sahaero gadasasvleli aRdgenis

proeqti, 1 maliania, L=130 m; proeqti damuSavebulia Sps `xuroTmoZRvari~-s

mier;

3. mdinare  rionze xidiseburi sahaero gadasasvleli, aT maliania,

27+8X30+27=294 m, proeqti damuSavebulia saq. navT. da gazis korporaciis mier;

4. mdinare  amudariaze kiduli sahaero gadasasvleli, 1 maliani, L=300 m, Н. М.

Кирсанов, висячие конструкций, лист 16,17. Под обшеи редакцшей.    Д Т Н, проф. Н. С.

Стрелецкого. Проект Разработан, Московский ЦНИИ проектсталь- конструкцией, -1964 г.;

SemoTavazebuli konstruqciis gaangariSeba Catarebulia arsebuli

konstruqciebis  malebis zomebis Sesabamisad  Semdegi oTxi variantisaTvis:

1. SemoTavazebuli konstruqcia Sesrulebulia maliT 120 m.;

2. SemoTavazebuli konstruqcia Sesrulebulia maliT 130 m.;

3. SemoTavazebuli konstruqcia Sesrulebulia maliT 290 m.;

4. SemoTavazebuli konstruqcia Sesrulebulia maliT 300 m.;

SemoTavazebuli konstruqciis oTxive varianti gaangariSebulia

arsebuli gadasasvlebze miRebul datvirTvaze.

Sedareba Catarebulia masis, Sromis danaxarjebis da montaJis

danaxarjebis mixedviT. Sefasebis ZiriTad kriteriumad miRebuli iyo

Rirebuleba.
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konstruqciis damzadebis Sromis danaxarjebi gansazRvrulia dReisaTvis

saqarTveloSi arsebuli damamzadebeli qarxnebis arsebuli

teqnologiebis gaTvaliswinebiT.

SemoTavazebuli konstruqciis TviTRirebuleba gansazRvrulia im

xarjTaRricxvis normebiT, romliTac gansazRvruli iyo arsebuli

konstruqciebis TviTRirebuleba da gadayvanili iqna larebSi

dReisaTvis saqarTveloSi moqmedi samSeneblo resursebis fasTa

krebulSi miTiTebuli larebSi gadamyvani koeficientis gaTvaliswinebiT.

Sedareba Catarebulia cxriluri wesiT da disertaciaSi mocemuli

cxr.5.1÷5.5 saxiT.

teqnikur-ekonomikurma  gaangariSebam aCvena, rom SemoTavazebuli

konstruqciis L=120 m. gamoyenebis SemTxvevaSi (mdinare texuraze  xidiseburi

საჰაერო gadasasvleli danaxarjebTan mimarTebaSi) ekonomikuri efeqti Seadgens

25.5 %–s,  konstruqciis L=130 m. gamoyenebis SemTxvevaSi [bolnisis raionis

wyalmom. centraluri milsadenis damewyrili monakveTis (`sayaflano~)

gadakveTis kiduli sahaero gadasasvleli danaxarjebTan mimarTebaSi]

ekonomikuri efeqti Seadgens 20.9 %–s,  konstruqciis L=290 m. (mdinare rionze

xidiseburi საჰაერო gadasasvleli danaxarjebTan mimarTebaSi) ekonomikuri

efeqti Seadgens 28.6 %–s, xolo SemoTavazebuli konstruqciis L=300 m.

gamoyenebis SemTxvevaSi (mdinare amudariaze  gazsadenis kiduli საჰაერო

gadasasvlelis danaxarjebTan mimarTebaSi) ekonomikuri efeqti Seadgens 27.09

%–s,.

ZiriTadi daskvnebi

1. damuSavebulia milsadenebis didmaliani sahaero gadasasvlelis

axali tipis winaswardaZabuli kombinirebuli konstruqcia, romlis

teqnikur gadawyvetilebis siaxleze `saqpatentis~ mier gacemulia patenti

ganacxadze #12245/01 (saqarTvelos inteleqtualuri sakuTrebis centri,

saqpatenti, brZaneba patentis gacemis Sesaxeb ganacxadze #12245/01, brZanebis

#737/01, 12. 06. 2013 w.), romlis teqnikur gadawyvetiT miiRweva misi

analogebis teqnikur gadawyvetebSi arsebuli konstruqciuli da

teqnologiuri xarvezebis aRmofxvra. aseve axali tipis konstruqciis

teqnikuri gadawyveta arsebuli analogiuri konstruqciebisagan

gansxvavdeba winaswardasaZabavi elementebis ganlagebiT da misi daZabvis

axali-gaumjobesebuli sqemiT. naSromSi aRwerili teqnikuri gadawyvetiT
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miiRweva milsadenebis didmaliani sahaero gadasasvlelis konstruqciis

yvela mzid elementSi Zabvebis moxerxebuli regulireba.

2. SemuSavebulia SemoTavazebuli konstruqciis geometriuli

parametrebisa da datvirTvebis gansazRvris meTodika; 3. შემუშავებულია

შემოთავაზებული კონსტრუქციის xisti nawilis mdgradobaze გაანგარიშების

მეთოდიკა, mocemulia konstruqciis xisti nawilis ganivi kveTis drekadi

wiris diferencialur gantolebis amonaxsnis saboloo Sedegi;

4. damuSavebulia axali tipis konstruqciis bagirovani nawilis

gaangariSebis meTodika diferencirebuli saangariSo sqemis gamoyenebiT

(`moqnili Zafisa“ da  `jaWvwiris“ paraboliT aproqsimaciis meTodebiT);

5. SemuSavebulia SemoTavazebuli konstruqciis garecentrulad SekumSuli

elementebis gaangariSebis meTodika  (albaTuri interpretacia). mocemulia

garecentrulad SekumSuli Reroebis zidvis unaris gansazRvra albaTuri

interpretaciiT, romelic, zogadad, konstruqciebis xisti nawilis elementebis

gaangariSebisas mniSvnelovan sakiTxs warmoadgens. dadgenilia mkumSavi Zalis

zemoqmedebisas Reros zidvis unaris amowurvisa da Senoba-nagebobebis ConCxedis

calkeuli elementebis mtyunebis albaToba;

6. Sesrulebulia SemoTavazebuli konstruqciis gaangariSeba

samSeneblo konstruqciebis tipuri saangariSo programa LiRa-s

gamoyenebiT;

7. damuSavebulia axali tipis konstruqciis elementebisa da ZiriTadi

kvanZebis konstruqciuli gadawyvetebi;

8. mocemulia milsadenebis didmaliani gadasasvlelis axali tipis

winaswardaZabuli kombinirebuli konstruqciis konstruireba;

9. mocemulia SemoTavazebuli konstruqciis damzadebis, montaJisa

da winaswari daZabvis ganxorcielebis teqnologia;

10. SemoTavazebuli milsadenebis didmaliani sahaero gadasasvlelis

axali tipis winaswardaZabuli kombinirebuli konstruqcisaTvis

Camoyalibebuli gaangariSebis meTodologia imdenad miaxloebulia

konstruqciis namdvil muSaobasTan, rom misi eqspluataciisas

uzrunvelyofilia kvanZebisa da Rerovani elementebis zidvisunari;

11. Catarebulia teqnikur-ekonomikuri analizi. SemoTavazebuli

konstruqciis gamoyenebiT ekonomikuri efeqturoba 20.9 ÷ 28.6 %-is

farglebSia.
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Resume

This thesis shows the results of the constructing, analytical research and technical-economic calculations

for the pre-strained combined construction of large-span crossing of new-type pipelines.

The thesis shows the review, classification and critical analysis of the existed constructing of the

main pipelines’ large-span crossings. On the basis of the above, the new-type construction is elaborated

and the positive decision is issued by “Sakpatenti” for the  innovation of its technical decisions.

The method is provided for the geometric parameters, probable active-load types and calculations

of the proposed construction.  The dependence of the ropes and arch truss inflection on the crossing

span’s value and arch ground-to-top distance is determined, which in its turn depends on the radius of arc

segment and size of octagonal prisms’ arrangement, which is defined according to the span’s size,

determined from the bearing capacity of a pipeline’s pipe to be passed inside it.

Thesis shows the elaboration of calculation method of rigidity of the rigid part of pre-strained

combined new-type construction of  pipelines’ large-span crossing, which is performed with the

integration method of differential equation of flexible line for the cross-section of its central rigid part.

Possible shapes of proposed construction resistance loss are described, when its central rigid part is bent

in the shape of one or two semi-wave.

Calculations on the rigidity of the proposed pre-strained combined new-type construction is

possible with the “Hinge-Chain” and Engesser-Timoshenko methods. When using the “Hinge-Chain”

method, it is complicated to take into account the diaphragm’s (combinatin of foot-pieces and

connections) bending rigidity influence, and when calculating with the Engesser-Timoshenko method,

althouth it is possible to take into account the diaphragms’ bending rigidity influence, but it is not

possible to take into account a pre-stain force when there is an Eulerian instability.

Thesis shows the final result of the differential equation’s solution of the construction rigid part’s

cross-section flexible line, which is the solution for the task of longitudinal bending of rigid part (stem) of

the construction of the main pipeline’s large-span crossing. The system of homogeneous equations of the

shapes of the simmetrical and slant-symmetrical loss of rigidity is described, when the power factors

make influence (including a case when  a stem is bent in one or two semi-wave shape). Two characteristic

equations are received, which have infinitely many solutions of the roots describing different shapes of

rigidity loss of the construction rigid part (stem). The minimum values of the solutions, which describe

the real shapes of rigidity loss and gives possibility to determine a critical power of a construction rigid

part, have the practical importance.

Calculations of the stretched and off-centrally compressed elements of the proposed construction

are made with the use of probabilistic method.

Thesis shows the calculations of the rope part of the pre-strained combined new-type construction

of the pipelines’ large-span crossing, which is performed with the “ideal cable” and `chain-line“ parabolic

approximation methods.

The new-type pipelines’ large-span crossing’s pre-strained combined construction is elaborated, the

construction solution of which differs from the analogues with the placement of pre-straining/to be
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strained elements and new improved scheme of its strain. Simplified installation of the main pipelines’

pipe as well as convenient adgustment of the force in crossing’s load-bearing elements are achieved with

the technical solution of the thesis. Technical solution  also reduses the  construction period and

materials’ costs and increases the bearing capability of a construction and reliability during an operation.

Technical result is achieved with the fact that the connecting elements of load-bearing elements of

main pipelines’ large-span crossing with L span f up/down arrow is performed with the octagonal prisms;

on the four lateral sides of which the arch trusses, with the parabolic inflection and upper belt, are placed

radially; and on the other four lateral sides the ropes are placed on the radially arranged foot-pieces;

which are hinged to the supporting node-pieces of the pipeline’s construction; and the racks at the free

ends have the screw-pads in which the screw uniform cross-section elements are screwed; which have the

counter-nuts and cross-like holes in its rectangular part; the ends of the uniform cross-section elements

are connected with the cylindrical hinges to the rope rack linked open-section elements;  on which the

semi-cylindrical node-details are hinged; and a rope with the sheet pad and bolts are connected to the

open-section elements; the node-points of truss upper belt and rope-holding radially arranged supports are

connected to each other with the rigid connections.

The main node-points for the connection of supporting and load-bearing elements, needed for the

new-type pre-strained combined construction’s engineering, are decided and elaborated.

On the basis of the calculations carried out with the typical calculation programs of the building

structures the validity and priority of the technical solution, described in a formula shown in an author's

right, is substantiated compared with the analogues.

On the basis of  technical-economic calculations the effectiveness of the proposed new-type

construction is assessed.
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